The effect of surface modification of carbon materials on their electrochemical behavior has been studied. Fluorination, ozonization and air-oxidation of carbon surfaces increased the charge-discharge capacities. The change in the d-spacings of carbon materials due to surface modification was negligibly small. XPS measurement indicated that surface oxygen contents slightly increased not only in oxidized samples but also in fluorinated one. XPS also revealed the existence of nearly ionic and semi-covalent fluorines at the surface of the fluorinated sample.
Introduction
Recently carbon materials are used as negative electrodes of lithium ion secondary battery to avoid the dendrite formation of lithium at negative electrode. Characteristics of carbon materials as negative electrodes would be governed by such factors as (1) crystallini-ty1), (2) vious from the figures that the reduction currents at 0 V and oxidation peak currents are significantly increased by surface modification in both carbon materials. The reduction currents at 0V increased from 307mAg-1 ( Fig. 2A) to 353mAg-1 (Fig. 2B ), 429mAg-1 (Fig.   2C ) and 400mAg-1 (Fig. 2D) , and oxidation peak currents also increased from 207mAg-1 ( Fig. 2A) to 256mAg-1 (Fig. 2B ), 328mAg-1 (Fig. 2C) and 326 mAg-1 (Fig. 20) by ozonization, fluorination, and airoxidation, respectively. According to the increase in the currents, the oxidation peaks were observed at slightly lower potentials, 0.27V (Fig. 2B) , 0.24V (Fig. 2C) and 0.27 V (Fig. 2D) while that of the pristine nanotube was situated at 0.29V ( Fig. 2A) . The effect of surface modification is similar in case of natural graphite as shown in Fig. 3 . The reduction currents at 0V increased from 128mAg-1 (Fig. 3A) to 172mAg-1 ( Fig.   Fig.2 Cyclic voltammograms for heat-treated carbon nanotube and surface-modified samples (0.2mVs-1, 1st cycle)
A: heat-treated carbon nanotube, B: ozonized sample, C: fluorinated sample, D: air-oxidized sample.
Surface Fluorination and Oxidation of Carbon Materials for Negative Electrode of Lithium Ion Secondary Battery 3B), 187mAg-1 (Fig. 3C ) and 172mAg-1 (Fig. 3D) , and oxidation peak currents increased from 81mAg-1 ( Fig. 3A) to 108mAg-1 (Fig. 3B ), 139mAg-1 ( Fig.   3C ) and 118mAg-1 (Fig. 3D ). The oxidation peaks were observed at 0.25V (Fig. 3B ), 0.25V (Fig. 3C) and 0.23V (Fig. 3D ) in comparison with 0.28V for the pristine sample (Fig. 3A) . Thus the larger currents were observed for carbon nanotube than natural graphite in any case. Intercalation and deintercalation of lithium ion would be easier in carbon nanotube because carbon nanotube used in this study consists of 15 to 32 graphene layers with carbon particles having large surface areas. Fig. 1 . Fluorinated graphite containing nearly ionic and semi-covalent fluorines has higher hydrophilicity than that having covalent C-F bonds and graphite itsel1o). This property may provide the carbon materials with easier chemical interaction with lithium ions.
